Cirrhosis and portal hypertension can lead to the formation of a spontaneous splenorenal shunt (SSRS) that may divert portal blood flow to the systemic circulation and reduce hepatic perfusion. Our aims were to evaluate SSRSs as an independent prognostic marker for mortality in patients with decompensated cirrhosis and the influence of SSRSs on liver transplantation (LT) outcomes. We retrospectively analyzed adult patients with decompensated cirrhosis undergoing LT evaluation from January 2001 to February 2016 at a large U.S. center. All patients underwent liver cross-sectional imaging within 6 months of evaluation, and images were reviewed by two radiologists. Clinical variables were obtained by electronic health record review. The cohort was followed until death or receipt of LT, and the subset receiving LT was followed for death after LT or graft failure. Survival data were analyzed using multivariable competing risk and Cox proportional-hazards regression models. An SSRS was identified in 173 (23%) of 741 included patients. Patients with an SSRS more often had portal vein thrombosis and less often had ascites (P < 0.01). An SSRS was independently associated with a nonsignificant trend for reduced mortality (adjusted subhazard ratio, 0.81; Gray's test P 5 0.08) but had no association with receipt of LT (adjusted subhazard ratio, 1.02; Gray's test P 5 0.99). Post-LT outcomes did not differ according to SSRS for either death (hazard ratio, 0.85; log-rank P 5 0.71) or graft failure (hazard ratio, 0.71; log-rank P 5 0.43). Conclusion: Presence of an SSRS does not predict mortality in patients with decompensated cirrhosis or in LT recipients. (Hepatology Communications 2018;2:437-444) 
Introduction
C hronic liver injury induces hepatic stellate cell activation, with progressive fibrosis culminating in liver cirrhosis and elevated hepatic vascular resistance leading to portal hypertension. (1, 2) Portosystemic shunts are collateral blood vessels that form as a compensatory response to portal hypertension and divert blood flow to the systemic circulation.
Spontaneous splenorenal shunts (SSRSs) are a common type of portosystemic shunt (occurring in an estimated 14% to 60% of patients with cirrhosis) that decompress the portal circulation through the left renal vein and inferior vena cava (Fig. 1) . (3) (4) (5) In clinical practice, an SSRS is relevant as a point of access to the portal circulation in the angiographic obliteration of bleeding varices or can be ligated to treat hepatic encephalopathy refractory to maximal medical therapy.
Gastroesophageal varices are a well-established predictor of adverse outcomes in cirrhosis due to their risk of hemorrhage, but the relationship of an SSRS with liver outcomes is uncertain. Hypothetically, the formation of an SSRS might exert a protective effect by lowering portal blood pressure and thereby reducing the likelihood of portal hypertensive complications. Indeed, the formation of gastroesophageal varices has been found to occur less frequently in patients with an SSRS. (4) Alternatively, high blood flow through an SSRS could result in a "portal steal" phenomenon that deprives the already injured liver of blood, oxygen, and nutrients, accelerating disease progression and increasing the risk of adverse liver outcomes. The latter effect has led to postulation that SSRS ligation should be considered in patients undergoing liver transplantation (LT) to prevent ischemic injury to the allograft, particularly if portal inflow is suboptimal based on Doppler ultrasound. (8) No prior studies have assessed the association of SSRSs with long-term clinical outcomes in patients with decompensated cirrhosis. The aims of this study were to evaluate SSRSs as an independent predictor of clinical outcomes in patients undergoing evaluation for LT and to evaluate the natural history and transplant outcomes of LT recipients with an SSRS. We hypothesized that patients with decompensated cirrhosis and an SSRS would have lower survival relative to patients without an SSRS and that SSRSs would rapidly resolve after LT and not portend adverse post-LT outcomes.
Participants and Methods
We retrospectively identified all patients 18 years of age who underwent evaluation for deceased donor liver transplantation at Oregon Health & Science University Hospital from September 2001 to February 2016. We excluded patients with hepatocellular carcinoma (as such patients represent a unique subpopulation less likely to have portal hypertension), acute liver failure, surgical shunts or transjugular intrahepatic portosystemic shunts (TIPS), prior LT recipients, and those without crosssectional liver imaging within 6 months of LT evaluation. All patients were confirmed to have cirrhosis based on radiologist review of cross-sectional imaging. We chose to study patients with decompensated cirrhosis undergoing LT evaluation because such liver imaging is a routine component of the evaluation, thereby preventing the introduction of a selection bias related to the imaging indication.
DATA COLLECTION
Two body radiologists (A.F. and K.K.J.) reviewed all cross-sectional liver imaging studies, which Whether accepted and listed on the LT wait list or declined for LT, patients were followed from LT evaluation to outcomes of death without LT or receipt of LT, or were censored at the time of last reported follow-up without having received LT. Ascertainment of these outcomes was performed by reviewing the electronic health record and was corroborated using the United Network for Organ Sharing (UNOS) patient registry and linkage to the Social Security Death Master File (SSDMF). (9, 10) We also evaluated post-LT outcomes among the subset of patients who underwent LT. For that analysis, clinicodemographic variables were obtained at the time of LT from the electronic health record and the UNOS registry. Operative reports of the LT were reviewed to evaluate for SSRS ligation. No systematic change in the surgical technique for LT occurred over the study period at the study center. Patients were followed from the time of LT to outcomes of death or graft failure, or were censored at the last reported follow-up visit without either outcome having occurred. These outcomes were obtained from the electronic health record, the UNOS registry, and the SSDMF. Among patients undergoing LT with a known SSRS, the two body radiologists also reviewed the most recent post-LT liver imaging studies obtained at least 90 days after LT to evaluate for persistence or regression of the SSRS. No donor organs were obtained from executed prisoners or other institutionalized persons.
STATISTICAL ANALYSIS
We performed a sample size calculation assuming an estimated SSRS prevalence of 25% (based on prior literature), a control group survival of 50%, a hazard ratio (HR) for mortality of 1.4, and a 10% loss to follow-up, which yielded a sample size of 758 (1:4 ratio of 152 patients with an SSRS to 606 patients without an SSRS) to achieve 80% power with a two-sided P value of 0.05 in a log-rank test. We expressed baseline variables as medians 6 interquartile range if continuous and as proportions if categorical, and performed comparisons using the rank-sum and v 2 tests, respectively. We evaluated binary outcome survival data using the Kaplan-Meier method and the log-rank test to compare estimated survival functions and competing risk survival data using the Fine-Gray method and Gray's test to compare cumulative incidence functions. (11, 12) We then developed multivariable competing risk regression models to evaluate outcomes after LT and Cox proportional-hazards regression models to evaluate post-LT outcomes. All regression models were evaluated for heterogeneity between SSRSs and all other variables, using interaction testing. The change in mean SSRS diameter after LT was compared using the paired t test. All analyses were performed using STATA/MP version 13.1 and R Studio version 0.99.486 for Macintosh OS X. The study was approved by the institutional review board.
Results
Over the study period, a total of 2,289 patients underwent LT evaluation at our institution. Of 741 patients enrolled based on the study's inclusion and exclusion criteria, 173 patients (23%) had an SSRS and 568 patients (77%) did not. At the time of LT evaluation, patients with and without an SSRS were similar with respect to age, MELD score, sex, and histories of variceal bleeding, spontaneous bacterial peritonitis, and diuretic use (P > 0.05 for all variables; Table 1 ). Patients with an SSRS were more likely to have a portal vein thrombosis (13% versus 4%; P < 0.01) and gastroesophageal varices on imaging (94% versus 85%; P < 0.01) and less likely to have ascites on imaging (43% versus 59%; P < 0.01). Use of diuretics did not differ among patients with an SSRS and those with (P 5 0.63) or without ascites (P 5 0.42). Liver disease etiology was similar between the two groups, although there was a trend toward a higher prevalence of cryptogenic/nonalcoholic steatohepatitis cirrhosis in patients with an SSRS (P 5 0.08). Comparing patients who were listed for LT (47% of the cohort) to those who were not, listed patients had higher MELD scores (median 16 versus 14; P < 0.01), less often had hepatitis C (43% versus 51%; P 5 0.03) or alcoholic liver disease (26% versus 43%; P 5 <0.01), more often had primary biliary cirrhosis or primary sclerosing cholangitis (16% versus 9%; P < 0.01), and were less often using diuretics (70% versus 77%; P 5 0.03). However, the proportions of listed and not listed patients with an SSRS were similar (24% versus 23%; P 5 0.73).
ASSOCIATION OF SPONTANEOUS SPLENORENAL SHUNTS WITH DECOMPENSATED CIRRHOSIS OUTCOMES
Of patients with an SSRS evaluated for LT, 35% died and 25% underwent LT compared to 42% dying and 24% undergoing LT in patients without an SSRS (P 5 0.19; Table 2 ). Median follow-up time was longer in the SSRS group (507 versus 372 days; P 5 0.06). In multiple regression, an SSRS was independently associated with a nonsignificant trend toward a lower risk of death (adjusted subhazard ratio [SHR], 0.81; 95% confidence interval [CI], 0.60-1.13; Gray's test P 5 0.08) ( Table 3 ; Fig. 2A ). An SSRS did not predict the risk of receiving LT (adjusted SHR, 1.02; 95% CI, 0.68-1.54; Gray's test P 5 0.99) ( Table 3 ; Fig. 2B ). The adjusted risk of death did not meaningfully change in a sensitivity analysis in which patients were required to have an SSRS 1 cm to be in the SSRS group (adjusted SHR, 0.90; 95% CI, 0.65-1.24). No significant interactions were identified between SSRSs and any other variable in the multiple regression models.
We also evaluated predictors of death among patients with SSRS after their LT evaluation (Supporting Tables S1 and S2 ). An alcohol-related liver disease etiology was significantly associated with death (SHR 1.99; 95% CI, 1.21-3.29). All other considered variables did not significantly predict death among patients with SSRS who were evaluated for LT, including variables representing portal hypertension (ascites, diuretic use, portal vein thrombosis, endoscopic varices, and prior spontaneous bacterial peritonitis or variceal bleeding).
PATIENT AND SPLENORENAL SHUNT OUTCOMES AFTER LT
Follow-up data were available for 170 of 176 patients who underwent LT (96.5%). The remaining 6 patients underwent LT at other institutions, and none of these patients had an SSRS at the time of their LT evaluations. Forty-two of the 170 analyzed LT recipients had an SSRS (24.7%). Based on review of LT operative reports, none of the patients with an SSRS received intraoperative SSRS ligation. Patient outcomes after LT are shown in Table 4 . Although the post-LT mortality rate was lower among patients with an SSRS (2.9 deaths per 100 person-years versus 3.4 deaths per 100 person-years without SSRS), presence of an SSRS was not a significant predictor of lower mortality (HR, 0.85; 95% CI, 0.36-1.99; log-rank P 5 0.71) (Fig. 3A) . Similarly, graft failure incidence was lower with an SSRS (2.9 events per 100 person-years versus 3.9 per 100 person-years without), but the Abbreviation: IQR, interquartile range.
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presence of an SSRS was not a significant predictor of lower graft failure (HR, 0.71; 95% CI, 0.31-1.66; logrank P 5 0.43) (Fig. 3B) .
Of the 42 patients who underwent LT with an SSRS identified on imaging during their LT evaluations, 25 had cross-sectional computed tomography or magnetic resonance imaging days after LT (interquartile range, 298-1,840 days). The mean SSRS diameter was 12 mm prior to LT and 10 mm after LT (P 5 0.03), and the SSRS decreased in diameter in 12 patients (48%), stayed the same diameter in 11 patients (44%), and increased in diameter in 2 patients (8%) (Fig. 4) .
Discussion
Portal hypertension is a key mediator of adverse outcomes in patients with cirrhosis. (13) Although the development of gastroesophageal varices imparts risk to patients with cirrhosis in the form of portal hypertensive bleeding, it remains uncertain whether other common sources of portosystemic collateralization impart a similar risk because such bleeding rarely occurs and their decompressive effects might reduce portal hypertension and its negative consequences; alternatively, such collaterals could exert a harmful effect by diverting oxygenated blood away from the liver, inducing a relative ischemia of that organ or inciting the development of hepatic encephalopathy. We observed a net beneficial effect of SSRSs, with patients less often having ascites (despite no difference in diuretic use) and their presence conferring a reduced risk of death in advanced chronic liver disease (albeit not significant at the P < 0.05 threshold). SSRSs were not associated with increased risks for mortality or graft failure after LT, and the plurality of patients with subsequent post-LT imaging experienced a reduction in SSRS diameter despite none undergoing SSRS ligation at the time of LT. Therefore, SSRSs may play an important role in liver disease outcomes, predominately mediated through decompression of the portal circulation, but this pathophysiology either resolves or becomes clinically inconsequential after the portal hypertension is corrected with LT. The insertion of a TIPS imposes a similar physiology to the SSRS and was shown to predict a similar beneficial effect on mortality risk in patients with decompensated cirrhosis. Among patients listed for LT in the national UNOS patient registry, the presence of TIPS was associated with a modest but significantly reduced risk of death (adjusted SHR, 0.95), attributed to less frequent portal hypertensive complications. (14) One key distinction in evaluating the effect of TIPS is that its presence inherently introduces a selection bias relative to patients without a TIPS because the TIPS patients had to have been considered healthy enough to receive one a priori, whereas the non-TIPS patients had no such requirement for good health. Accordingly, TIPS patients were found to have lower MELD scores and were less likely to receive LT compared to their non-TIPS counterparts (adjusted SHR, 0.92). However, we believe that our study represents a less biased evaluation of the clinical consequences of a similar pathophysiology because SSRSs form naturally rather than as a consequence of a particular clinical event and are not known to develop in accordance with a patient's health status (all patients undergo imaging at the time of the LT evaluation and the assessment for an SSRS was not biased by an imaging indication). In addition, the MELD score of our SSRS and non-SSRS patients did not significantly differ. Thus, it is conceivable that the risk of receiving LT may not be lower in TIPS patients had it been possible to conduct an analysis unbiased by the indication for the shunt procedure and for differences in liver function at the time of LT evaluation. The few other studies evaluating the relationship of SSRSs with liver disease severity or outcomes have yielded variable results and were not adjusted for confounding variables or designed to evaluate time-dependent risks. (3) (4) (5) Based on concerns for inadequate hepatic allograft perfusion and hepatic encephalopathy due to persistent portosystemic shunting, intraoperative SSRS ligation during LT has been explored using a variety of surgical techniques. (8, (15) (16) (17) (18) (19) (20) These case series observed that SSRSs frequently persisted after LT, particularly when larger than 10 mm, reported an increase in portal vein flow after shunt ligation, and documented the relative safety of the procedure. However, these series were not designed to evaluate the efficacy of the intervention relative to expectant management, and several were limited to living-donor LT recipients, who inherently have a smaller portal vein diameter and may be more prone to develop inadequate portal vein inflow. We also found that although SSRSs often persisted after LT, the absence of shunt ligation in all patients was not associated with a higher risk of mortality or allograft loss, even when restricting the comparison to larger SSRSs (10 mm). Based on our retrospective design, we were unable to evaluate portal vein inflow or perform neuropsychologic testing for hepatic encephalopathy; therefore, it is possible that the SSRS patients experienced more adverse physiologic or clinical consequences that did not herald an increased risk of death or graft failure.
There were several limitations to our study. First, we restricted our analysis to patients with decompensated cirrhosis undergoing LT evaluation, and this may reduce the generalizability of our results. While this approach offered epidemiologic advantages (elimination of bias arising from the indication for abdominal imaging, a low rate of missing data in this closely monitored patient group, and long follow-up times), it also represents a cohort with more advanced liver disease, fewer medical comorbidities, and higher socioeconomic status than patients with cirrhosis in general. We attempted to better simulate real-world conditions and community practice by including patients who were evaluated but declined for LT, tracking their mortality through linkage to the SSDMF. However, an SSRS itself could be a marker for liver dysfunction associated with an increased risk for LT referral; this would lead to an artefactually high estimate of SSRS prevalence relative to a general population of patients with cirrhosis. Second, as stated above, we were unable to methodically evaluate subgroups of SSRS patients at higher risk for an adverse clinical course and likely to benefit more from intraoperative SSRS ligation at LT, such as those with impaired portal vein inflow or risk factors for persistent hepatic encephalopathy in the post-LT period. Thus, our results do not disprove a salutary effect of SSRS ligation for a variety of "softer" outcomes that we did not evaluate. Finally, because all included patients underwent evaluation for LT, a large proportion ultimately underwent LT who would have died without it. However, we analyzed survival data using competing risk regression to account for the interdependence of each outcome with the alternate competing outcome, allowing unbiased risk estimates to be obtained. (21) In summary, the presence of an SSRS in a large cohort of patients with cirrhosis undergoing LT evaluation was associated with a statistically insignificant reduced risk of death and no effect on the risk of receiving LT. Patients undergoing LT with an SSRS had no increased risk of death or allograft failure despite none undergoing SSRS ligation. Future research on this topic should be directed at a prospective clinical trial to evaluate the efficacy and safety of SSRS ligation in LT recipients. This should focus on subgroups likely to be at the highest risk for adverse patient and graft outcomes, such as those with very large shunts or low portal vein flow.
